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 摘要 
 
I 
 
摘要 
乙苯是一种重要的化工原料，主要用于生产聚合物单体苯乙烯。目前，乙苯
主要是由苯和乙烯经烷基化反应制得。随着石油资源的不断匮乏，利用廉价且来
源丰富的乙烷为原料替代乙烯制备乙苯的研究备受关注。本论文在乙烷氯氧化制
乙烯的研究基础上，提出在 HCl 和 O2存在下，以乙烷和苯作为原料一步制备乙
苯的新策略。通过构建双功能催化材料来实现乙烷氯氧化制乙烯、乙烯与苯烷基
化制乙苯两个基元过程的协同耦合，高选择性合成乙苯。 
论文首先分别考察了乙烷氯氧化制乙烯，乙烯与苯烷基化制乙苯这两个反
应。在乙烷氯氧化制备乙烯的反应中，常压、450 C 条件下 8 wt% Mn-CeO2纳
米棒具有最佳的催化反应性能, 乙烷转化率和乙烯选择性分别为 90%和 69%。为
了实现乙烷高选择性的转化为乙苯，烷基化反应在基于乙烷氯氧化制乙烯的最佳
反应条件下进行。同时开展了以 H-ZSM-5 分子筛催化的乙烯与苯烷基化反应的
研究，考察了硅铝比、反应温度、乙烯空速和苯/乙烯的进料摩尔配比对反应的
影响。结果表明，以硅铝比为 50 的 H-ZSM-5 分子筛为催化剂，反应温度为 380 
C，苯/乙烯的进料摩尔配比为 5 : 1 时，乙烯转化率达到了 95%，乙苯选择性为
78%。 
论文进一步以 Mn-CeO2 和 H-ZSM-5 作为双功能催化剂的组成部分，根据
两组分之间的耦合方式即亲密程度的不同，分别采用双床层、物理混合以及研磨
的方式对两种组分进行复合，考察双功能催化剂的作用规律。通过对 Mn-CeO2
和 H-ZSM-5 质量比、温度、空速和分子筛酸性等条件的考察，对比不同耦合方
式的烷基化催化反应性能。结果显示，随着催化剂两组分间接触紧密程度的增加，
乙苯选择性增大。氯氧化反应中生成的乙烯与苯烷基化反应拉动了乙烷的转化，
使得乙烷转化率升高。通过研磨法耦合 Mn-CeO2纳米棒和 H-ZSM-5 分子筛催化
剂，在 430 C，苯/乙烯摩尔进料比为 3.2:1 时，乙烷转化率为 64%，乙苯选择性
为 47%。催化剂表征结果表明，H-ZSM-5 分子筛酸性过强和过弱都不利于乙苯
的选择性生成，反应过程中 HCl 会使得分子筛骨架 Al 发生流失，导致乙苯选择
性下降。 
关键词：乙苯；乙烷；双功能催化剂；H-ZSM-5 分子筛；Mn-CeO2；反应耦合
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 Abstract  
Ethylbenzene is an important raw chemical, which is mainly used for the 
production of styrene (important polymer monomer). At present, ethylbenzene is 
mainly produced by the alkylation of benzene with ethylene. Due to the depletion of 
oil resources, the use of cheap and rich sources of ethane as raw material to replace 
ethylene in the production of ethylbenzene has raised much attention. Based on our 
previous research on oxidative chlorination of ethane to ethylene, a new strategy of 
the production of ethylbenzene by one step alkylation under benzene and ethane in the 
presence of HCl and O2 was proposed in this thesis. We developed a bifunctional 
catalyst, aimed to produce the ethylbenzene by coupling the oxidative chlorination of 
ethane to ethylene and benzene alkylation with ethylene. 
We first investigated the catalytic reactions of oxidative chlorination of ethane 
and benzene alkylation with ethylene. The results showed that the CeO2 nanorods 
with a load of 8 wt% Mn was the most efficient catalyst, which exhibited C2H4 
selectivity of 69% and C2H6 conversion of 94% at 450 °C and atmospheric pressure. 
In order to achieve a highly selective conversion of ethane to ethylbenzene, the 
alkylation reaction is carried out under the optimum reaction conditions based on the 
oxidative chlorination of ethane for the production of ethylene. The benzene 
alkylation with ethylene catalyzed by H-ZSM-5 zeolite under atmospheric pressure 
was studied simultaneously. The effects of silica-alumina ratio, reaction temperature, 
ethylene space velocity and benzene/ethylene molar ratio on the catalytic 
performances were studied detailed. The results showed that under the reaction 
conditions of 380 °C, molar ratio of benzene/ethylene of 5:1, the C2H4 conversion of 
95% and ethylbenzene selectivity of 78% could be achieved under the H-ZSM-5 
zeolite with a silica-alumina ratio of 50. 
We further prepared the bifunctional catalyst combined the Mn-CeO2 and 
H-ZSM-5. Aiming to study the intimacy between these two components, we coupled 
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Mn-CeO2 and H-ZSM-5 using the methods of double bed, mechanical mixing and 
grinding, respectively. The catalytic performance over different coupling methods was 
investigated. We studied the effects of H-ZSM-5/Mn-CeO2 weight ratio, reaction 
temperature, space velocity and acidity of zeolite on alkylation reaction of benzene 
and ethane in the presence of HCl and O2. We found that, with the increase of the 
contact degree of the two components of the catalyst, the alkylation of benzene with 
ethylene produced from the chlorine oxidation reaction promotes the conversion of 
ethane, and thus increased the yield of ethylbenzene under the bifunctional catalyst 
prepared by grinding method. The conversion of ethane was 64%, and the selectivity 
of ethylbenzene was 45% when the molar ratio of benzene/ethylene was 3.2 and the 
reaction temperature was at 430 °C. The results of catalyst characterization show that 
the H-ZSM-5 zeolite with too strong or too weak acidity is not conducive to the 
formation of ethylbenzene. In the process of reaction, HCl will cause the drain of 
framework aluminum, leading to the decrease of ethylbenzene selectivity. 
Keywords: Ethylbenzene; Ethane; Bifunctional catalyst; H-ZSM-5 zeolite; Mn-CeO2; 
Reaction coupling 
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